Development of materials and technologies for microelectronics is required by the needs of the constantly increasing level of integration of microelectronics circuits. Increase of the integration level compels downscaling of all the dimensions of devices, which in its turn requires very thin layers with exceptional quality due to rather high electric fields at working conditions. First, technological improvements are adopted aimed at fabrication of materials with uniform quality, geometrical flatness and extremely low density of intentionally introduced defects. Second, new fabrication methods are developed providing materials with much better quality. Third, new materials showing better properties than the standard (conventional) ones are obtained and developed further.
INTRODUCTION
Progress of microelectronics is a basis for development of all modern industries, as well as for the changes in the social communications. Constantly increasing level of integration of microelectronics integrated circuits (IC) requires materials used in the fabrication of these circuits to display extraordinary quality, precisely controlled properties and extremely low density of critical defects.
Devices that are fabricated are based on some basic structures that are illustrated in Figures  1 to 3 . In Figure 1 a simple MOS structure is shown. MOS structure is a part of more complex structures, but it presents also a specific device  the MOS capacitor of a Dynamic Random Access Memory (DRAM). In Figure 2 the structure of a MOSFET is shown (metal-oxide-silicon field effect transistor). In Figure 3 .a) a schematic representation of a memory device of type EEPROM is shown and in Figure 3 .b) that of a charge trapping flash (CTF). In CTF memories the charges are located at spatially discrete traps distributed in the band gap of charge trapping layer, unlike the conventional floating gate memories where charges are stored in the conduction band of floating gate. 
SUBSTRATE MATERIALS
Substrate bulk material is crucial for fabrication of devices and integrated microelectronics circuits. High quality semiconductrors with extremly low densities of defects are required as starting material in fabrication.
Silicon
Standard material that has been used for many decades in mictroelectronics is monocristalline Silicon. Silicon crystallizes in diamond crystalline structure (cubic, Fd3m) with latice parameter 0.54311 nm at 300 K. It is a typical indirect semiconductor: thermal band gap is 1.12 eV and optical bandgap connected to direct transitions of electrons from the highest valence band maximum in the  point (center of the Brillouin zone) to the lowest conduction band minimum in the  point is 3.4 eV.Static relative permittivity of silicon is 11.9.
Nowadays fabrication technology allows obtaining monocrystalline silicon ingots twelve inches in diameter (30 cm). Ingots of next generation with diameter of 450 mm are envisioned. Silicon wafers for fabrication of integrated circuits are cut from large ingots.
Germanium
Germanium was a material used in the begining of the microelectronics era and then leaving its place to silicon, the later being identified as more appropriate for microelectronics applications. Thermal band gap of germanium is 0.66 eV and the optical band gap 0.8 eV.
Neverhtless, recently new perspectives for use of this material have been demonstrated [1] , [2] , due to the high mobility of carriers.
SiC
Silicon carbide crystallizes in more than 200 different polytypes with cubic (zinc blende) unit cell, with hexagonal (wurtzite) unit cell and withrhombohedral unit cell. It is rather convenient for high temperature and/or high power devices [3] .
GaAs
Galium arsenide crystalizes in cubic zinc blende structure. It's a typical direct semiconductor having band gap of 1.424 eV at 300 K. Due to its high electron mobility (8500 cm 2 /(V·s)), it is used in ultrafast devices [4] .
GaN
Gallium nitride is obtained in form of films deposited on foreign substrates (heteroepitaxy) [5] .Standard techniques of crystal growth generally used for the growth of semiconductor substrates (such as Bridgman or Czochralski) cannot be used for GaN and only few techniques are available for single crystal growth [6] .The use of GaAs in optoelectronic device is particularly important [7] . 
Graphene
Graphene is a two-dimensional (2D) monolayer of sp2-bonded carbon atoms in a dense honeycomb crystal structure which behaves as a zerogap semiconductor with exceptionalelectronic quality [8] . In order to be used for microelectronics application, graphene has to be grown on convenient substrates bytechniques compatible with other processes used in fabrication of microelectronics devices. Large-area graphene on SiGe can be fabricated by atmospheric pressure CVD, which is convenient commercial deposition method; the fieldeffect transistors fabricated on such films are ofgood quality [9] .Graphene can be also grown on Ge(001)/Si(001) [10] .
MoS2
Molybdenum disulphide (MoS2) is also one of the thinnest known materials with electronic properties that can be advantageous for a wide range of applications in nanotechnology. It can also be used in combination with graphene for fabrication of devices such as nonvolatile memory cells [11] .
Nanowire based devices
Starting material for fabrication of devices can also be one dimensional, such as nanowires [12] . Fabrication of devices starting from nanowires is demonstrated in many works [13] .
DIELECTRICS
A particularly important issue related to the further miniaturization of electron devices in nanoscale is that of the ultrathin dielectics. Dielectrics of outstanding quality are required for majority of the devices. Reliable function of the devices and hence the integrated circuits requires dielectrics that can be used at extremely high fields, of the order of 10 MV/cm without significant degradation.
SiO2
Silicon dioxide has an exceptional position among the dielectrics for use in silicon microelectronics. First, it grows starting from the silicon substrate in oxygene atmosphere. Second, it has very good interface with silicon and rather low density of bulk and interfacial defects.
Various modifications of silicon dioxide have been studied in connection with applications in microelectronics, such as: α-quartz, β-quartz, β-tridymite, α-crystobalite, β-crystobalite, keatite, coesite [14] . It appears that the best match between the single crystal silicon and silicon dioxide layer occurs for β-tridymite if the SiO2 layer is very thin (0.7 nm), when tridymite is energetically stable; as the SiO2 layer becomes as thick as 1.5 nm, the quartz phase becomes stable [15] , [16] .
SiO2 is the main reason that microelectronics uses Si technology and not another semiconductor. The use of SiO2 as a gate dielectric offers several advantages. Amorphous SiO2 can be thermally grown on Si with excellent control in thickness and uniformity, and naturally forms a stable, high quality SiSiO2 interface. SiO2 has a very large band gap of 9.0 eV and large energy band offsets with the conduction (CB) and valence (VB) bands of Si, which ensure superior insulation properties and high breakdown field of about 13 MV/cm. SiO2 shows an excellent thermal stability in contact with Si, which is required in order to withstand the thermal process steps up to 1000 C.
Silicon oxynitride
It has been demonstrated that nitridation (typically in NH3 and N2O) substantially improves dielectric and reliability properties of SiO2 films on silicon. These layers are of variable composition and arereffered as silicon oxynitride (SiOxNy, Si-O-N). There are optimal conditions for nitridation [17] , [18] leading to incorporation of about 6 % of a monoatomic layer of N atoms at the interface between the silicon and the oxide layer [19] .
Silicon dioxide and silicon oxynitrideultra thin film far below 4 nm in thickness approach their electrical limits for applications in microelectronic devices [20] , [21] , mainly due to direct tunnelling of electrons through the dielectric (SiO2 thinner than 2 nm).
High permittivity dielectrics
As a solution to this problem, high permittivity dielectrics (high-) are used as a replacement for silicon dioxide in various applications [22] , [23] , [24] .
Materials used as high- dielectrics are: Al2O3 [25] , Ta2O5, SrTiO3, TiO2, ZrO2 [26] , HfO2 [27] , La2O3, Lu2O3, Sc2O3, Dy2O3, Y2O3, etc. For illustration, values of relative permittivity (hk) and band gap (Eg) of some high- dielectrics are shown in Table 1 . For comparison, relative permittivity and band gap for silicon dioxide are (SiO2) = 3.9
and Eg(SiO2) = 8.97 eV. The main advantage of high- dielectrics compared to SiO2 comes from their substantially higher values of relative permittivity (about one order of magnitude). Thus, the same capacitance of a capacitor containg high- dielectric could be obtained with substantially larger physical thicknesses compared to SiO2, which leads to substantially lower leakage currents due to tunnelling. However, the above benefit is reduced by the lower values of band offsets related to the band gap. Roughly, as a measure of the benefit of using high- dielectric instead of SiO2, the ratio r defined with equation (1) can be used [28] :
More detailed comparison of high- dielectrics is given in [29] where figure of a merit that connects two main properties of the gate stack, namely, the leakage current and the capacitance is used.
A particular phenomenon occuring in metal/high-/silicon structures is the reaction with the silicon substrate and in some cases (reactive gate) with the metal gate. Thus, instead of the MOS structure depicted in Figure 1 , structures shown in Figure  4 are obtained [30] . Interfacial layer between the Si substrate and high- can be silicon oxide or silicate.
In our works we extensively studied tantalum pentoxide high- layers on silicon. Interfacial layer for films of good quality is SiO2-like layer [31] . In the case of nonreactive gate, the obtained MOS structure is metal/Ta2O5/SiO2/Si. Electrical and reliability properties of such a structure can be precisely described by a comprehensive model we described in [32] . Using this model, we explained the increased leakage in the case of reactive Al gates compared to the case of nonreactive Ag and W as caused by the creation of defects in Ta2O5 due to reaction with Al [33] . Stress induced leakage currents have been explained by creation of conductive paths in the SiO2 interfacial layer leading to a decrease of its effective dielectric thickness [34] . Review of the results obtained using the model mentioned above are given in [35] . Band diagram used in the model is shown in Figure 5 .
High- dielectrics are also used with Ge as a substrate [36] . Optimum properties can be obtained by using nanolaminated, dopped and mixed oxides such as lanthanum gadolinium oxide [37] , HfGdO/HfTiO [38] , Al-doped TiO2 [39] , Gd doped HfO2 [40] , HfO2/Ta2O5 [41] , HfTiO/Y2O3 [42] , SrTa2O6 [43] , Gd2O3/HfSiO [44] etc.
MOS structures containing high- exhibit some particularities that are not present in metal/SiO2/semiconductor structures. Most important, frequency dispersion of the capacitance is observed that is not due to real variations of the relative permittivity of the material with the frequency of the [45] , [46] , [47] . An effect of charge trapping at the contact between high work function and metal gate high- has been observed [48] , [49] . Charging of the intereface between high- and the interfacial layer also occurs, leading to modification of C-V characteristics [50] .
eV
Vacuum level Flash memories for future generations are also based on the use of high permittivity dielectrics [51] , [52] . With using nanocrystals as floating gate, higher data retention and faster program/erase speeds are obtained [53] .
A particular effect used in memory devices is the resistive switching [54] , [55] . Resistive switching is a kind ofreversible change of electronic conductivity in thin films under electrical stress. Some high- materials with suitable properties are used in memory devices based on resistive switching.
Gate materials
In the beginning of the microelectronic era, the main material for gates was aluminium. Later, it was replaced by aluminium, since Al creates significant damage to the silicon dioxide thin dielectric layers.
The use of high permittivity dielectrics raised the interest for various metal gates [56] .We have recently demonstrated that Ag gates provide particularly good electrical properties of MOS structures containing high- dielectric [57] .
MATERIALS FOR SPECIFIC APPLICATIONS

Green electronics
Research in materials for microelectronics leading to biodegradable and biocompatible devices becomes more and more important; it is uslually known as "green" electronics [58] . As susbstrate paper is used (semi-natural/semi-synthetic substrate), synthetic polymers (biocompatible substrate) natural silk, shellac, hard gelatin (fully biocompatible and biodegradable substrates), as well as other materials. Fully resorbable and biodegradable dielectrics are also used.
Perovskite manganites
Nanosized perovskite manganites exhibit novel properties usefull for application in microelectronics, such as colossal magneto-resistance, magnetocaloric effect, multiferroic property, and some interesting physical phenomena including spin, charge, and orbital ordering [59] .
Multiferroic materials
Multiferroic materials represent a novel class of material where multiple types of ferroic ordering coexist, and their coupling can lead to additional ordering parameters [60] .
FUTURE TRENDS
Materials for microelectronics with exceptionally high quality have been developed in last decades.
Altough various substrate materials with extraordinary properties have been developed, crystal silicon remains the main material for new generation of microelectronic circuits.
Particular position between the materials belongs to dielectrics. High permittivity dielectrics have been developed as a replacement of silicon dioxide for various applications.
